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The protocol comprised a Proton Density weighted Turbo Spin Echo
fatsat (TE/TR 31/ 4400) and a T2* multiecho Gradient Echo sequence (TE
4.18, TR 889/1120, ST 3). Regions-of-interest (ROIs) of the patellar and
the trochlear cartilage were selected manually within two adjacent
slices on T2* images. On each slice a medial, central and a lateral ROI
was segmented in both, the superﬁcial and the deep layer (Fig.1). The
statistical evaluation was performed using SPSS.
Results: Nineteen athletes could be considered for the ﬁnal analysis. In
comparison to the baselinemeasurements, a signiﬁcant change inmean
T2* values was found at the ﬁrst measurement during the ultra-
marathon in the patellar cartilage (26.4ms  7.4ms vs. 27.0ms  6.9ms;
p¼ 0.036) with a mean of 23.37.7 days between baseline and ﬁrst MR
examination, but neither signiﬁcant differences between baseline
values and the last measurement (26.8ms  7.1ms) during the run (p ¼
0.227) nor between the ﬁrst and the last measurement during the run
(p ¼ 0.468). Regarding trochlear cartilage we didn't ﬁnd a signiﬁcant
change in T2* values over time. In the morphological analysis noĂ
Ăpatellar and trochlear cartilage defect was found in 5 runners. Nine
athletes showed patellar defects, two runners trochlear defects and
three had patellar and trochlear pathologies. Four out of the 31 defects
showed progression over time and two new defects evolved during the
run.
Conclusions: Mamisch et al. depicted a difference of T2* values in
healthy cartilage compared to repair tissue after microfracturing in the
femorotibial joint. Compared to this, our study demonstrates that there
is almost no change in T2* values of the femoropatellar joint during an
immense stress in this unique study population. It seems that the
articular cartilage of these ultra athletes has been trained over time in
a way, that the articular cartilage is no limiting factor even for that long
distance run. In conclusion, in a well-trained athlete almost no differ-
ence in T2* values of the femoropatellar joint during extreme load can
be detected.
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THE RESPONSIVENESS OF 3D BONE SHAPE COMPARED WITH
RADIOGRAPHIC JOINT SPACE WIDTH AND MR CARTILAGE
THICKNESS
M.A. Bowes y, C.B. Wolstenholme y, K. De Souza y, G.R. Vincent y, P.
Conaghan z. y Imorphics Ltd, Manchester, United Kingdom; z Section of
Musculoskeletal Disease, University of Leeds, United Kingdom
Purpose: Novel measurements of 3D bone shape provide sensitive
measures of osteoarthritis (OA) and its progression. The objective of this
study was to compare the responsiveness of these novel measures with
the current trial standard of radiographic medial minimum joint space
width (mJSW), and MR cartilage thickness, using data from the Osteo-
arthritis Initiative (OAI). We also examined the relationship between
rates of change measured by the various instruments
Methods: Participants were identiﬁed for cartilage analysis from
Project 9A/9B of the OAI. All were from the Progression subgroup and at
baseline had symptomatic OA in at least one knee (Kellgren-Lawrence
(KL) 2-3), deﬁned as the combination of deﬁnite osteophytes (OARSI
atlas grade 1-3) and in the same knee, frequent knee symptoms. If more
than one knee met the criteria, then one index knee was selected for
each participant. All participants from this group who also had mJSW
measures recorded at baseline, 12 and 24 months (n ¼528) were
selected for the current study.
Femur, tibia and patella bones were automatically segmented from
DESS-we images using active appearance models (Imorphics, UK),
which were built from an unrelated dataset. Two measures of 3D bone
shape were used in this study (1) tAB area on the medial femur, tibia
and patella, and (2) the change in position on OA vectors for the femur,
tibia and patella bones. The OA vector encodes the typical overall 3D
shape difference between 300 individual knees with OA (KL 3-4) and
300 without (KL 0) from an independent test set. A line is drawn
through the two population means, and the 3D bone shape generated
for each segmented bone is then projected orthogonally onto this OA
vector.
Methods for the measurement of cartilage thickness corrected for bone
area (ThCtAB) using an established manual method of segmentation,
and minMJSW, using a semi-automated software method, were
provided by the OAI. Sensitivity to change of all methods was assessed
using the standardised response mean (mean/SD of change); change
was assessed using a pairwise Student's t-test.Table 1
Responsiveness of various measures at 1 and 2 years from baseline
Measure Region 1 year SRM 2 year SRM
Radiograph mJSW -0186 -0311
Cartilage (ThCtAB) cMF -0317 -0.401
MT -0.332 -0.431
CMTF -0.342 -0433
Bone (tAB) MF 0421 0.515
MedTrF 0.340 0.571
MedFemAll 0.436 0.563
MT 0 329 0.520
Bone (3D vector) Femur 0.500 0.644
Tibia 0.435 0.488
Key to regions: cMF; central medial femur, MT: medial tibia, CMTF:sum of cMF and
MT, MF; medial femur, MedTrF:medial patesofemorai compartment of femur
MedFemAi sum of MF and MecfTtF
Table 2
Correlation between 2-year slopes of various measures
Variables Bone MF
tAB
Bone TrFMed
tAB
Bone MT
tAB
Bone Femur
Vector
Bone Tibia
Vector
R'graph Medial
minJSW
Cartilage MF
ThCtAB
Cartilage MT
ThCtAB
Bone MF 1 0.633 0.514 0.785 0.157 -0.249 -0.229 -0.096
BoneTrFMed 0.633 1 0.380 0.588 0.202 -0.229 -0.267 -0.153
Bone MT 0.514 0.380 1 0.499 0.475 -0.313 -0.255 -0.260
Bone Femur Vector 0.785 0.588 0.499 1 0.269 -0.277 -0.293 -0.212
Bone Tibia vector 0.157 0.202 0.476 0.269 1 -0.266 -0 216 -0 181
Radiograph minJSW -0 249 -0.229 -0.313 -0.277 -0.266 1 0.420 0.287
Cartilage MF -0.229 -0.267 -0.255 -0.293 -0.216 0.420 1 0.555
Cartilage MT -0.096 -0153 -0 260 -0212 -0.181 0.287 0.555 1
All correlations were highly signiﬁcant (p<0.0001)
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linear least-squares method, and correlation between the slopes was
calculated using Pearson's correlation coefﬁcient.
Results: Measures of bone area change and cartilage thickness showed
broadly similar responsiveness to change (Table 1), and both measures
were considerably more responsive than minJSW. The 3D bone femur
vector measurement was the most responsive.
The 2-year slopes for all bone measures and cartilage thickness corre-
late very weakly (typical r2 of w0.25), as does the correlation of bone
changewith minJSW. Slopes of cartilage change correlate more strongly
with minJSW (w0.4).
Conclusions: Changes in bone area and shape markers provide
a sensitive measure of change, which shows comparable sensitivity to
the measurement of cartilage thickness. The femur vector provides
improved sensitivity. Both measures are superior to the radiographic
measurement of minJSW. The poor correlation of the slopes suggests
that themeasures address different constructs, and that change of these
constructs proceeds at a different rate within the population over this
time period. Further work will address whether different individuals
are progressing differently for each measure.341
INCREASING PHYSICAL ACTIVITY IS ASSOCIATED WITH INCREASING
MUSCLE TO INTERMUSCULAR FAT RATIO IN THE THIGHS OF OAI
PARTICIPANTS
K.A. Beattie, C. Druchok, M. Davison, J.D. Adachi, M.R. Maly. McMaster
Univ., Hamilton, ON, Canada
Purpose: Reduced quadriceps muscle (QM) strength and mass are
observed in individuals with knee OA compared to those without.
Increases in intermuscular fat (IMF) volume in the thighs of individuals
with knee OA have been associated with worsening knee symptoms.
The extent to which changes in knee pain and physical activity are
associated with changes in the proportion of muscle to fat around the
knee have never been investigated. Thus, the purpose of this study was
to investigate the associations between changes in knee pain and
physical activity with changes in the proportion of muscle to fat in the
thighs of men and women enrolled in the Osteoarthritis Initiative (OAI).
Methods: The online OAI database was queried for individuals 50
years old with baseline and 2-year axial T1-weighted mid-thigh MRI
scans available (15 slices, 5mm slice thickness). Exclusion criteria were
a) inconsistent spatial resolution between baseline and follow-up scans,
b) compressed or ﬂattened thighs on either or both of the scans, c) <12
matched slices or d) baseline K-L grade unavailable. Baseline and
follow-up scans meeting these criteria (N¼156 women; N¼64 men)
were co-registered (Analyze 8.1, AnalyzeDirect Inc., KS, USA). The 12
most proximal matching slices were segmented, in pairs, by one seg-
menter blinded to image time point using SliceOmatic 4.3 (Tomovision,
QC, Canada). Volumes of QM and IMF in the right thigh were quantiﬁed
and the ratio of QM to IMF was determined by dividing QM volume by
IMF volume. The change in the proportion of QM to IMF over 2 years
was determined by subtracting the baseline proportion from the
proportion at follow-up. Independent variables included baseline age,
body mass and K-L grade, and 2-year change in WOMAC pain and
Physical Activity Scale for the Elderly (PASE). A linear regression analysis
was conducted to determine the association between 2-year changes in
pain and physical activity and the change in the proportion of QM to
IMF in the thigh, after accounting for baseline age, weight and K-L grade.Results: Included in the analyses were 156 women (mean (SD) age ¼
62.9 (7.2) years, BMI ¼ 28.4 (5.2) kg/m2) and 64 men (mean (SD) age ¼
64.2 (8.0) years, BMI¼ 29.5 (4.3) kg/m2). Inwomen, themean (SD) ratio
of QM to IMF volume was 2.59 (0.85) at baseline, while in men it was
3.30 (1.15). In women, the mean (SD) baseline WOMAC pain and PASE
scores were 2.4 (2.9) and 150.6 (75.3), respectively, while in men, cor-
responding values were 2.4 (2.9) and 146.5 (66.1), respectively. In
women, change in PASE score (b¼0.159, p¼0.047) was the only variable
associated with a change in the ratio of QM to IMF. However, in men,
baseline age (b¼0.291 p¼0.022), body mass (b¼0.291 p¼0.018) and
change in PASE score (b¼0.285 p¼0.017) were associated with the
change in the ratio of QM to IMF in the thigh over 2 years.
Conclusions: In both sexes, the mean ratio of QM to IMF decreased over
2 years, suggesting that the amount of QM decreased, IMF increased, or
a combination of both occurred. Increased physical activity was asso-
ciated with an increase in the ratio of QM to IMF volume in both men
and women. Interesting, neither radiographic severity of OA nor the
change in knee pain were associated with change in the ratio of muscle
to fat in either sex. Given that increasing amounts of IMF have been
shown to be associated with increasing pain, these results might
suggest that the increase in QM to IMF ratio is driven by an increase in
muscle mass associated with increased physical activity.342
CORRELATION OF RADIOLOGICAL ESTIMATES OF MENISCUS
EXTRUSION (MOAKS) WITH QUANTITATIVE TIBIAL COVERAGE IN
KNEES WITH AND WITHOUT JOINT SPACE NARROWING - RESULTS
FROM THE OSTEOARTHRITIS INITIATIVE
K. Bloecker y, A. Guermazi z,x, W. Wirth y,k, K.C. Kwoh {, H. Resch y, D.J.
Hunter #, F. Eckstein y,k. for the OAI investigatorsy Paracelsus Med.
Univ., Salzburg, Austria; zBoston Univ. Med. Ctr., Boston, MA, USA;
xBoston Core Imaging Lab (BICL), Boston, MA, USA; kChondrometrics
GmbH, Ainring, Germany; {Div. of Rheumatology and Clinical
Immunology, Univ. of Pittsburgh and VA, Pittsburgh Hlth. Care System,,
Pittsburgh, PA, USA; #Royal North Shore Hosp. & Northern Clinical Sch.,
Univ. of Sydney, Sydney, Australia
Purpose: Meniscal extrusion is associated with structural progression
of knee OA and with lesser coverage of the tibia plateau (%tib-cov) and
reduced mechanical protection of knee cartilage. Extrusion is
commonly graded on MRI, but the relationship between semi-quanti-
tative extrusion scores and quantitative (3D) %tib-cov is unknown. The
aims of this study were a) to compare semi-quantitative MRI OA Knee
Scores (MOAKS) of medial meniscus extrusion with quantitative
measures of extrusion, in knees with andwithout joint space narrowing
(JSN), b) to compare bothmeasures with %tib-cov, and c) to evaluate the
contribution of meniscus width to %tib-cov.
Methods: The study sample was drawn from the ﬁrst half (2678 cases)
of the OA Initiative. Inclusion criteria were: BMI >25, frequent knee
pain in both knees, medial JSN (OARSI) of one knee, nomedial JSN in the
other knee, no lateral JSN. There were 60 participants (38 women; 43
unilateral JSN1, 17 grades 2&3). MOAKS evaluation of meniscus extru-
sion was performed by a musculoskeletal radiologist (A.G.) using
coronal IW-TSE sequences. Extrusion grades (0¼5mm) were deter-
mined in the slice with the largest medial tibial spine appearance
(approx. 6mm posterior to the medial tibial plateau center). Segmen-
tation of the entire medial tibial plateau and meniscus was performed
on coronal reconstructions of sagittal 3T DESSwe images. From 3D
